Midgestational sheep fetuses exposed to marked hypoxia for 2 h remain brain intact if MABP is maintained above 30 mm Hg. On the other hand, simi larly hypoxic fetuses, if they experience reductions in
MABP below 30 mm Hg, develop foci of necrosis that predominantly affect hemispheric white matter and neo striatum. Cortex damage is more restricted and is usually associated with more massive underlying white matter damage. The present study examines the brain metabolic basis for the important role of hypotension in brain injury development in marked hypoxia. Sheep fetuses rendered hypoxic by respiring their ewes with 11 % oxygen (fetal PaOZ = 8-12 mm Hg) in which MABP was maintained above 30 mm Hg showed increases in brain lactic acid concentrations to 7 -13 f,Lmollg but unaltered energy charge. In contrast, fetuses that sustained MABP reduc tions below 30 mm Hg showed increases in lactic acid Fetal or neonatal hypoxic-ischemic encephalo pathy is commonly thought to result from an im paired oxygen supply to brain due to a decreased oxygen content of arterial blood and/or a decrease in CBF. Such asphyxia in utero, in contrast to various postnatal insults, is the predominant cause of "cerebral palsy," a syndrome that encompasses a variety of motor deficits and in which mental re tardation and epilepsy may or may not be present (Volpe, 1981) .
The neuropathology of perinatal hypoxic-isch emic encephalopathy includes selective neuronal concentrations in vulnerable structures to 16-24 f,Lmol/g accompanied by marked decreases in energy charge. The vulnerable structures also showed reductions in fructose concentrations but a variable behavior of other brain me tabolites including phosphocreatine, glycogen, and glu cose. Thus, the present findings suggest a relation be tween hypotension during marked hypoxia, low energy charge, lactic acid accumulation in brain at high concen trations, and fetal brain injury. The ewes of hypoxic hy potensive fetuses received pentobarbital at lower doses than did those of fetuses that maintained blood pressure.
This suggests that pentobarbital plays an important role in protecting the fetal brain from asphyxia by extending the hypoxic fetus's ability to maintain blood pressure in addition to reducing its brain metabolism. Key Words: Brain metabolites-Hypotension-Hypoxia-Sheep fetus.
necrosis involving the cerebral and cerebellar cortex, thalamus and nuclei in brainstem, status marmoratus of basal ganglia, and parasagittal cere bral necrosis involving cerebral cortex and subcor tical white matter [reviewed in Volpe (1977 Volpe ( , 1981 ]. Also, periventricular white matter necrosis com monly has been described as resulting from peri natal asphyxia (Banker and Larroche, 1962) . Other patterns of hypoxic-ischemic injury include focal brain necroses that encompass multicystic en cephalomalacia, porencephaly, and hydranenceph aly (Friede, 1975; Volpe, 1981) . These latter pat terns of injury reflect asphyctic episodes taking place early during gestation in humans.
One of the causes of multifocal brain necrosis and cavitation is generalized circulatory insuffi ciency in utero. Clifford (1941) has described brain edema and necrosis in infants after premature de-tachment of the placenta. Monkey fetuses that sus tain an abruptio placentae early during the second half of pregnancy may develop an extensive cystic transformation of white matter, show damage to thalamus and basal ganglia, and demonstrate injury to either all areas of cortex or predominantly the parietal lobes (Myers, 1977) . Still less mature monkey fetuses that survive severe intrauterine as phyxia may develop widespread necrotic tissue masses that liquefy and disappear entirely leading to hydranencephalic (Myers, 1969) or poren cephalic (Myers et aI. , 1973) defects. Identical le sions develop in human fetuses exposed to severe intrauterine asphyxia (Hallervorden, 1944; Friede, 1975) or that suffer cerebral circulatory distur bances (Friede, 1975) .
Studies in our laboratory by Ting et al. (1983) demonstrated that mid-gestational sheep fetuses subjected to 2 h of marked hypoxia develop damage to their brains only in those instances when MABP is reduced to values of <30 mm Hg. Such fetuses developed extensive zones of focal necrosis af fecting widespread brain areas including the neo striatum, cerebral white matter, and, less mark edly, the overlying cortex. The periaqueductal mid brain regions also may show damage. However, other fetuses exposed to the same magnitude and duration of hypoxia but in which their MABP was maintained close to control values (> 30 mm Hg) remained brain intact with continued intrauterine survival.
The present study examines the brain metabolic response of mid-gestational sheep fetuses to marked hypoxia using the same model we em ployed earlier (Ting et aI. , 1983) . The fetuses were rendered hypoxic by respiring their pentobarbital anesthetized ewes with an 11% oxygen-nitrogen mixture. The fetuses were delivered at various times following onset of hypoxia (61-128 min) and their brains frozen in situ with liquid nitrogen while still hypoxic and their umbilical cords maintained intact. Metabolite concentrations were determined in those brain regions previously shown to develop damage. These results have been communicated in preliminary form (Wagner et aI. , 1982) .
MATERIALS AND METHODS

Experimental subjects
Fourteen sheep fetuses of gestational age 74-84 (mean 79. 1 ± 0.9 SEM) days from 13 Dorset or mixed stock ewes were used. All ewes were food deprived but al lowed free access to water for 12-18 h prior to study. They were anesthetized with pentobarbital 26 mg/kg i.v. Anesthesia was maintained thereafter by pentobarbital injections approximately every 20 min (see Discussion)
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Surgical procedures
The anesthetized ewes were intubated and mechani cally ventilated using a Harvard large animal respirator. The ewe's right femoral artery was isolated, and a poly ethylene catheter was inserted, advanced to the level of the abdominal aorta, and fixed in place. This catheter permitted periodic blood sampling and continuous re cording of the ewe's pulsatile blood pressure and heart rate.
The ewe's abdomen was incised in the midline using strict aseptic techniques. A uterine horn was identified and incised distally avoiding all cotyledons. Small periph eral branches of the umbilical artery and vein were iden tified, and thin polyvinyl catheters were inserted and their tips advanced to lie in a main umbilical artery and vein. When twins were encountered, this procedure was repeated, providing two fetal preparations.
The umbilical vessel catheters were fixed in place, and the uterine and maternal abdominal wall incisions were closed. All physiologic and blood chemical parameters were recorded and analyzed for 1 h prior to initiation of hypoxia to obtain control values (control period; Ta ble 1).
Physiologic and blood biochemical parameters
The maternal and fetal blood pressures and heart rates were continuously recorded using Statham pressure transducers connected to amplifiers and cardiota chometers of a Gould eight-channel polygraph. The pH, POz, Pcoz, oxygen content, and base excess values of maternal and fetal arterial blood samples were deter mined with an Instrument Laboratories or a Corning model 178 blood gas analyzer. Hematocrit was measured with a Clay Adams microcentrifuge. Plasma glucose con centrations were determined with a Beckman glucose an alyzer. Plasma lactic acid and fructose concentrations were determined by enzymatic-spectrophotometric methods (Lowry and Passonneau, 1972) . To maintain fetal blood volume, transfusions of maternal blood were given to replace fetal blood withdrawn during sampling.
Exposure to hypoxia and in situ brain metabolite fixation by freezing All fetuses were exposed to hypoxia by respiring their ewes with 11% oxygen in nitrogen. At the end of expo sure, we reopened the ewe's abdomen and delivered the fetal head while maintaining the umbilical circulation in tact. We wiped the fetal scalp dry and adhered a 30-mm diameter reservoir using Dow-Corning silicon grease. We maintained this reservoir filled with liquid nitrogen for 15 min until the entire fetal head was frozen. The freezing front was readily visible as it moved through the fetal head owing to fetal tissue translucency.
The in situ method of freezing fixes brain metabolites in such a fashion as to generally preserve entirely normal values in most brain structures in adult animals (ponten et ai., 1973; Welsh and Rieder, 1978; Yang et ai., 1983; Wagner and Myers, 1985; Wagner et ai., 1985) . During in situ fetal brain freezing, the ewe and its fetus continued to be maintained hypoxic. Maternal and fetal blood samples were analyzed at the end of freezing to verify fetal oxygenation had remained unaltered. On completion of head freezing, the umbilical cord was clamped and cut and the whole fetus frozen in dry ice. The frozen fetuses were stored at -70°C until brain sections were cut. The heads of control fetuses were similarly frozen except the mothers were respired with room air.
The details of frozen head sectioning, brain tissue sam pling, metabolite extraction, and metabolite assays have been described previously (Wagner and Myers, 1985; Wagner et al. , 1985) . We cut 3to 4-mm coronal sections through the frozen heads using a band saw in a -20°C room. We sampled tissue from specific brain structures using a 2-mm-bore stainless-steel needle. Sites of sam pling were guided by gross morphology and anatomic lo cation of one structure in relation to another. Metabolite extraction and assays were performed using conventional methods (Nelson et al. , 1968; Lowry and Passonneau, 1972; Passonneau and Lauderdale, 1974; Vannucci and Duffy, 1974) .
Calculations and statistical analyses
Brain metabolite concentrations (f.Lmollg) and all other results are presented as means ± SEM. Energy charge (Atkinson, 1968) was calculated as ([ATP] + 0.5 [ADP])
Metabolite concentrations were calculated both for in dividual and for grouped structures. An analysis of vari ance was used to determine whether differences were present between experimental groups for physiologic variables and metabolite concentrations (individual and grouped structures). Statistically significant differences were determined post hoc using Duncan's multiple-range test (Statistical Analysis System) (Helwig, 19 79) or Scheffe's test. All significant differences described are at p < 0.05.
RESULTS
The control fetuses (n = 3) were surgically pre pared and treated in all ways identically to the ex perimental except that their dams breathed room air rather than a hypoxic gas mixture. Their heads were frozen 3 h following induction of anesthesia.
The experimental fetuses were assigned to two groups according to the behavior of their blood pressure during hypoxia. In the normotensive group ( n = 4), exposed to hypoxia for 109 min (range 66-125 min), MABP was maintained above 30 mm Hg throughout exposure. The hypotensive group (n = 7), exposed for 96 min (range 61-128 min), showed blood pressure reductions below 30 mm Hg during exposure.
Blood composition of dams during hypoxia All ewes exposed to hypoxia experienced reduc tions in their P a02 and blood oxygen content (Table  O . The ewes of hypotensive fetuses experienced significantly elevated serum lactate concentrations by the end of the experiment compared with the controls (Table 1) . The ewes showed no other dif ferences in blood composition during hypoxia as compared with the control period.
Physiologic and blood compositional changes in fetuses during hypoxia
The control fetuses showed no differences in any physiologic parameter measured after 1 h of anes thesia (control period) or at the time of brain freezing (after 3 h of anesthesia) compared with the control period in either experimental group. The physiologic data in control fetuses (n = 3) were as follow: Pao2 = 21. 6 ± 2. 0 mm Hg; O2 content = 5. 2 ± 0. 6 mM; Paco2 = 40. 3 ± 2. 2 mm Hg; pH = 7. 41 ± 0. 01; base excess = + 2. 8 ± 0.9; MA BP = 36. 8 ± 2. 2 mm Hg; heart rate = 174 ± 11 beats/ min; lactate = 1. 9 ± 0.1 mM; glucose = 1. 3 ± 0.4 mM; fructose = 7. 8 ± 1. 7 mM; hematocrit = 31. 6 ± 1. 0 mg/dl. The control period values for the ex perimental fetuses are presented in Ta ble 1.
Exposure of the ewes to hypoxia significantly re duced the Pao2 and oxygen content values of all fe tuses ( Table 1 ). The two experimental groups did not differ in their hypoxic Pao2 and oxygen content values, though the hypotensive fetuses did show significant elevations of arterial Paco2 values during hypoxia. The hypotensive fetuses differed signifi cantly from the normotensive fetuses and from their control period values with respect to blood pressure lowering but only at the time of brain freezing ( Table 1) . The hypotensive fetuses also showed significant reductions in average serum pH, base excess, and serum lactate concentrations compared with the normotensive fetuses by the time of brain freezing (Table 1) . Serum glucose or fructose concentrations, heart rate, and hematocrit were unchanged in both experimental groups during hypoxia.
Pentobarbital doses administered to the ewes and their relation to fetal hypotension
The ewes of the normotensive and hypotensive fetuses received similar pentobarbital doses during the control period (0. 30 ± 0. 01 vs. 0. 33 ± 0.04 mg/kg/min, respectively). However, the ewes of fe tuses that became hypotensive during hypoxia re ceived significantly (p < 0.05) less pentobarbital compared with the ewes of those that maintained blood pressure (0. 11 ± 0.03 vs. 0. 20 ± 0.01 mg/kg/ min, respectively). The data were calculated as mil ligrams per kilogram per minute because of the dif fering lengths of fetal exposure to hypoxia. (Table 2) , and AMP (Table 4 ) concentrations were present in the various brain structures of the con trol fetuses. However, choroid plexus contained significantly higher glycogen (Table 2) and fructose (Fig. 2) , and anterior (frontal) and occipital white matter and choroid plexus showed lower ATP and phosphocreatine concentrations (Table 3) compared with other structures. Frontal white matter and cer ebellar energy charge also were lower than else where (Fig. 3) .
ever, when data from all brain structures were combined, significant increases of both glucose and ADP concentrations were present in normotensive compared with control fetuses (data not shown).
Glycogen and fructose as well as ATP, phospho creatine, and AMP concentrations and energy charge were not different in normotensive com pared with control fetuses when calculated for indi vidual brain structures ( Figs. 2 and 3 ; Tables 2-4) or for grouped values (data not shown).
Normotensive fetuses. All brain regions of the fetuses that maintained blood pressure during hypoxia had significantly increased lactic acid con centrations at the time of head freezing compared with their control values (Fig. 1 ). Glucose and ADP concentrations (Tables 2 and 4) of individual struc tures of normotensive compared with control fe tuses showed no significant differences, though strong trends toward increases were present. How-J Cereb Blood Flow Metab, Vol, 6, No.4, 1986 Hypotensive fetuses. The hypoxic fetuses that sustained reductions in blood pressure showed sig nificantly increased lactic acid concentrations in all brain regions compared with the hypoxic fetuses that maintained blood pressure (p < 0.05) ( Fig. O . They accumulated the highest lactic acid concen- trations (21. 3-24. 1 f.Lmollg) in those gray matter structures that were the most frequently damaged in our previous study, i. e. , neostriatum, thalamus, hippocampus, and periaqueductal tegmentum (Ting et aI. , 1983) . The hypotensive fetus white matter, damaged in all cases in a comparable group in our previous study, showed lactic acid concentrations significantly elevated (19 f.Lmollg) above the values in cortex. Their cortex, injured in a restricted fashion and only as it overlay damaged white matter, contained lactic acid at a mean concentra tion of 15. 7 f.Lmollg. Hypotensive fetuses showed significantly de creased fructose, ATP, and phosphocreatine con- centrations and energy charge and significantly in creased lactate and AMP compared with both con trol and normotensive fetuses when data from all brain regions are combined (data not shown). Simi larly, decreased grouped glucose and ADP concen trations were present in brain tissue of hypotensive compared with normotensive but not control fe tuses. In addition, the glycogen concentration of grouped structures was unchanged as compared with controls or normotensives (data not shown).
With respect to individual structures, hypoten sive fetuses as compared with control and normo tensive fetuses showed significantly decreased ATP (Table 3) and energy charge (Fig. 3 ) in all regions except choroid plexus, while AMP was increased (Table 4) throughout. Significantly lower phospho creatine values were present only in hippocampus, inferior colliculus, and cerebellum (Table 3) . Signifi- cant reductions in glycogen concentrations oc curred only in occipital white matter as compared with normotensives and in hippocampus as com pared with controls ( Table 2 ). The hypotensive fe tuses also showed decreased fructose concentra tions in all structures except choroid plexus (Fig. 2) and decreased glucose concentrations in neos triatum, thalamus, and hippocampus as compared with normotensive fetuses (Table 2) .
DISCUSSION
In situ brain freezing has been validated as a method to fix brain tissue metabolite concentra tions in adult rats (Ponten et aI. , 1973) and cats (Welsh and Rieder, 1978; Yang et aI. , 1983) . We have employed this method to analyze topographic brain tissue metabolites in monkeys, goats, and cats (Wagner and Myers, 1985; Wagner et aI. , 1985) . That the in situ freezing method also ade- quately fixes brain tissue metabolites in the sheep fetus is supported by the fact that the cortex, a su perficial structure that would freeze very quickly, and deep structures such as the neostriatum, hip pocampus, and inferior colliculus all exhibit similar ATP concentrations and energy charge.
To the best of our knowledge, regional brain me tabolite values have not been described for either adult or fetal sheep. Comparison of the present data with those of adults of other large animal species, including goat, monkey (Wagner and Myers, 1985) , cat (Welsh and Rieder, 1978; Wagner and Myers, 1985; Wagner et aI. , 1985) , and also adult rat (Siesj6, 1978) cortex, reveals notable differences. ATP values in all brain structures of fetal sheep were lower and AMP concentrations higher than previously reported values for adults of all species. Phosphocreatine concentrations were generally about one-third of previously reported adult values, while lactate was about twofold higher-a result also observed in fetal rats (Vannucci and Duffy, 1974) . Brain glycogen concentrations in fetal sheep, as in neonatal dog, cat, and rabbit, are 30-40% of the adult values (Vannucci and Plum, 1975) . Imma ture mammalian brain has lower rates of oxygen consumption and a low rate of glycolysis and gly cogenolysis due to reduced activities of hexoki nase, phosphofructokinase, and phosphorylase (Vannucci and Plum, 1975) . Thus, our observations of lowered ATP and phosphocreatine and increased AMP in mid-gestational fetal sheep as compared with adults are most likely the result of the imma turity of the nervous system in these animals rather than relative hypoxia-ischemia during the period of in situ freezing. Reduction in blood pressure in the fetus reducing blood flow to the brain is believed to play an impor tant role in damaging cortex and white matter (Ma lamud, 1963; Norman, 1969) . Abramowicz (1964) has produced lesions in white matter in cats that resemble white matter lesions in infants (periven tricular leukomalacia) by ligating the basilar and both common carotid arteries. This method of le sion production implicates a hemodynamic factor in the pathogenesis of this lesion affecting white matter. Other animal experiments in which carotid ligation is combined with hypoxia have further demonstrated the role that impaired CBF during hypoxia plays in injuring the brain. Under these circumstances, both adult and newborn animals show severe ischemic neuronal changes in cerebral cortex, striatum, and hippocampus, while new borns also show infarction (Salford et aI. , 1973; Rice et aI. , 1981) .
We earlier demonstrated that sheep fetuses ex posed to 2 h of marked hypoxia (P a02 = 10 mm Hg) fail to develop brain damage unless they, concur rent with the hypoxia, sustain significant reductions in blood pressure (MABP < 30 mm Hg) (Ting et aI. , 1983) . de Courten (1980) and de Courten-Myers et ai. (1985) demonstrated that cats exposed to severe hypoxia also needed to experience marked reduc tions in blood pressure to develop brain injury.
Sheep fetuses and newborn lambs have markedly increased CBF during hypoxia by blood vessel dila tation (Purves and James, 1969) . Sheep fetus re gional CBF increased by 92% during 90 min of hy poxia (P ao2 = 12-15 mm Hg) (A shwal et aI. , 1980) . Asphyxiated newborn dogs (Hernandez et aI. , 1979) and calves (Gardiner, 1980) show similar findings. Such vasodilatation increases oxygen de livery to brain and prevents a reduction in cerebral energy charge (Siesjo, 1978) even though blood ox ygen content is decreased. However, despite max imal vasodilatation, if significant reductions in blood pressure occur during marked hypoxia, marked decreases in oxygen delivery to brain may result, the combined hypoxia and reduced blood flow to brain together producing a near-anoxia or anoxia. Lou et al. (1979) have described a passive pressure-flow relation in sheep fetuses exposed to marked hypoxia with CBF values six times normal at MABPs of 60-70 mm Hg and close to zero flow at 30 mm Hg.
The brains of hypoxic fetuses that maintained blood pressure maintained brain energy charge ( Fig. 3 ) and carbohydrate substrate concentrations (Table 2 ; Fig. 2 ) close to control values likely be cause of an increase in CBF and an adequate ox ygen delivery to tissue. However, they showed in creased lactic acid concentrations as a result of a decrease in tissue redox state, as previously de scribed in adult animals exposed to hypoxia (Jobsis, 1979; Siesjo and Berntman, 1979 ). In con trast, the hypotensive fetuses likely sustained marked reductions in CBF and developed an an oxia or near-anoxia in their brains accompanied for the first time by decreased brain tissue ATP con centrations and energy charge. Precisely these changes stimulate glycolysis and result in the accu mulation of lactic acid at high concentrations. We have demonstrated identical findings in adult monkeys exposed to marked hypoxia that also ex perienced marked reductions in blood pressure (Wagner et aI. , 1980; Myers et aI. , 1983) .
Normotensive hypoxic fetuses showed normal fructose concentrations in most brain regions. However, fetuses that also became hypotensive demonstrated significant decreases throughout most brain structures examined. Indeed, the fruc tose concentration reductions in these structures were much more marked and widespread than those of glucose and glycogen. Thus, it appears that, under the conditions of stimulated glycolysis of cerebral anoxia or near-anoxia, fructose is uti lized preferentially to these two substrates. Fruc tose is presumably phosphorylated by fructokinase (Willson and Thompson, 1980) and subsequently enters the glycolytic pathway at the aldolase step whereafter it is converted to lactate.
Previous studies from our laboratory (Myers, 1977 (Myers, , 1979a Myers et al. , 1983 Myers et al. , , 1984 and re cently from others (Welsh et al. , 1980; Kalimo et al. , 1981; Rehncrona et al. , 1981) have demon strated that lactic acid accumulation in brain above a threshold concentration of 17 -20 f,Lmol/g in adult cats or monkeys serves as the basis for brain edema and tissue necrosis. Further, although a decrease in energy charge is a precondition for the generation of high lactic acid concentrations in brain, a de creased energy charge by itself is insufficient to in jure the brain (Myers, 1981) .
Although the threshold concentration of lactic acid required to damage the brain in the fetus is un known, the correlation of our present results with our earlier sheep fetal neuropathologic findings (Ting et al. , 1983) suggests this threshold concen tration is likely to be in the same range as for the adult. That is, normotensive hypoxic fetuses accu mulated lactic acid in many brain structures to 7 -13 f,Lmol/g and remained brain intact. In contrast, the hypotensive hypoxic fetuses, which we have demonstrated sustain damage to neostriatum and hemispheric white matter, accumulated lactic acid in these same structures to 19-24 f,Lmol/g. In addi tion, the cortex, which is damaged predominantly in its deep layers and then only in relation to an underlying white matter injury and further only in a proportion of cases, accumulates lactic acid at a mean concentration of 15 f,Lmol/g. Thus, the present study reveals that, in the fetus as in the adult, lactic acid accumulates to high concentrations specifi cally in brain structures subject to damage. Though tissue energy state is also markedly reduced in most structures, our studies with adult animals de scribed above support the conclusion that it is lactic acid accumulation rather than reduction in energy charge that damages the tissue.
Although all fetuses in the present study experi enced similar reductions in arterial blood oxygen tension, some fetuses developed a marked acidosis and became severely hypotensive while others failed to show such changes. In our previous study (Ting et al. , 1983) , the ewes of fetuses that became J Cereb Blood Flow Metab, Vol. 6. No.4, /986 hypotensive and developed damage in their brains received significantly lower quantities of pentobar bital during exposure. Since sheep rapidly metabo lize pentobarbital, additional doses were regularly administered (about every 20 min) to the ewes. Though the present study was not designed to ex amine the effects of pentobarbital, in retrospect, because of careful dose recordi ng, the total amounts administered could be calculated for each experiment. In the present study, the ewes of fe tuses that became hypotensive during hypoxia re ceived significantly less pentobarbital than did those that maintained blood pressure. A probable explanation for this difference in pentobarbital ad ministration lies in the fact that two anesthesiolo gists were assigned to our group in the common re source large animal surgical facility. One adminis tered pentobarbital only when the ewes began to show "lightness" of anesthesia characterized by beginning motor restlessness. The other anesthesi ologist administered the anesthetic according to a regular schedule without the ewes showing signs of "lightness. " This difference in technique resulted in a lesser degree of anesthesia in the one group of ewes that was associated with more marked meta bolic perturbations (i. e. , greater lactic acidoses) in their fetuses.
Occurrence of hypotension and amount of pento barbital administered are confounding variables in the present study; i. e. , the ewes of those fetuses that developed hypotension also received less pen tobarbital during exposure. Pentobarbital at high doses significantly extends fetal brain tolerance to anoxia in primates (Cockburn et al. , 1969) . Thus, we assume that the rate of lactate generation during a stimulated glycolysis may be significantly in creased by lower compared with higher brain pen tobarbital concentrations. However, the lower pen tobarbital concentrations of the hypoxic hypoten sive fetuses in the present study in itself likely fail to account for their high brain lactate and low en ergy charge. We base this conclusion on our earlier results that indicate that, in markedly hypoxic an imals, high lactic acid accumulations (above the threshold for injury) as a consequence of a mark edl y reduced energy charge (Wagner et al. , 1980; Myers et al. , 1983 ) and brain injury in animals al lowed to survive long term (de Courten-Myers et al. , 1985) occur only if hypotension develops, re ducing CBF and creating a brain tissue anoxia or near-anoxia. In these studies, barbiturate dose was not a variable. In the present study, though barbitu rate dose and fall in blood pressure are confounding variables, they also may be interrelated variables; i. e. , lower barbiturate doses associated with more rapidly developing systemic acidoses, likely through this mechanism, cause an early fall in blood pressure.
The pathogenic mechanisms operating to pro duce brain injury in fetuses may differ from those in adults. Indeed, differences do exist in rates of ox ygen, glucose, and high-energy phosphate utiliza tion between fetuses and adults. Differences also exist regarding the hypoxic severity required to damage the brain in fetuses (Myers, 1973) com pared with adults (de Courten-Myers et aI. , 1985) . However, the present findings and our experience with brain pathologic response to hypoxia-anoxia in fetuses and newborns (Myers, 1977) as well as adults (Myers et aI. , 1984) lead us to conclude that what differences exist are quantitative rather than qualitative. For a more complete discussion of this issue, see Myers et al. (1984) .
